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J The Fort Knox Field Unit has a long history of applying Behavioral re="

. search methods to problems in armdr skill performance. As a part of this ef-
§ , fort, the Weapon System Trajning Teath is charged with research and development
‘ of methods for training a or tasks. ] . Y . :
. Because of the 1mp0rtance of procedural skills to the operation anq mgin-
* %, tenance of armor systems, procedural training methods mist be scrutinized to

ensure that soldiers are fetting’the best-instruction available. The authops
of the present research compared the traditional lecture and current performance-
oriented appreaches and concluded that both approaches had weaknesses. They
then examined current cognitive coticeptions. of procedural learning and derived
training strategies that address thése weaknesse€s. To illustrate the cognie~ -
“ive concepts, they analyzed some reptesentative armor procedures and derived .~
' . dome training principles from the analyses.- g .
’ * . ! N ]

This research ik of interest to those training researchers and developers

who are exploring alternative tra1n1ng ‘methods. Although the example tasks' .
are armor procedures’, the concepts should apply tb training’ oh-other types of
procedures as well. - .
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: tAhCDCMITIVE ANALYSIS OF ARMOR PROQEDURAL TASK TRAINING . L
“% ) - . i ¢ '
s " . o - ' v : . , T "ot -7
K - EXECUTIVE SUMMARY . = ' . o
% - T T P AR .
- p L3 1, ) . . '-“ﬁ‘ Lo
- . .. . - ¢ . . - ’ i
Requirement:. . .o s ) . 14 .. . * .é- &.- )
Both traditional lecture and performance—orlenced approaches té proce-
_dural training are deficient in somé respects. * Current cognirive theories of
) learning and memory should be used. to develop alcgrnacive scracegies for train-
) :I.ng procedures. N T el , R
’ . - \ ' ' . ) . : -‘ - . ) 5
Procedure: | L Co " ‘.
#  Representative armor procedures were‘analyzed for "the memQry Structure
, underlying procedural task performance. Three assumptions about dearning and-,
. o qemory guided the analySes (a} Memory for a procedure is organized around
. i%hk goals,. (b) the organizatl is ‘hierarchical in form, and (c) each hier-’
arshical node is limfted to no:fore than gfive ‘subordinate branches.
Findings: \' e
. * 1. Memory for armor procedural tasks can bé’ represenzed as hierarchical
scruccures of rask goals. . . oo -
2. The h:l.er-arch:l.cal structures have'implicacioixf for proced.ural training.
o T3, Furche.r research should be addressed to verifyirg the atructures ug<
. dng actual soldier performance. . R
i : i . . 4 R
. Fy;iliza:ion<of Findings. ) -
b .

- ‘The pregent: research thuld be of interest to those: craining resedrchers
and developers who -ayé exploring altermative training methods. In addition to
pro ding a mddel of procedhral wmemory, che task goal strucrures are also po—

tentfal training aids. ' , ,
P ¢

(PP



v L]

i . ' i . . L) ’/\‘ .
LY ' - e ¥ - ’
- * - ! ‘/ * ‘ ! *
. ' . - - - . . N -
A COGNITIVE ANALYSIS 0$ARHOR PROCEDURAL TASK TRAINING "
. ; ’
LY - . ’ -
' ; ~ , . .
CONTENTS . a . . . e
« T -‘ * . ) ’ .. : ¥ . s 7
L ' Y — \ . ~ X b ' Page .
INTRODUCTION « - v 2o v v v v v v e e veh e e e e -,
Traditional and Performance-Oriented Approaches . « « +« 4+ . + « & 4 % .]'.
A Cognitive Interpretation of Procedural Learning . . . . . . . « . « 2
. * L H - . X -
'ANALYSES L R : + o+ 4 a‘ L I T T T T T ) "0“ + & 4 2 & & - 0‘ ‘3 :
Tasks - - C' - - : - - - : r - - L3 - - -C L3 "C - P. - - - J' - - - ’C “C - C‘ 3
Procedure' - - - .C C'C L Ld - - - - - - L3 - - - - - - CI - - - - - :' L - 5‘, i
Analysis of Clear the M40 " . U . + . . . . o v 2. o o0 e . 5
- % .' ' . ... * “' . 7
DISCUSSION L - - ‘ - - C' - - ’C . . - - - - . - - - - - - - - - - - - - - 7
r Y LR . ’ . 4
+7  Training Toplications . + o o % © o o o o o % v 0 ol e e e e e 7
Research_Extensionf....r...........'.......’... 8 g
REFERmCES - - - - Ld . - Ld - C“ . . ' - - - - - - - - - ! . :\ AR ) - . - - - - ’ - ‘C 9 k * I ‘
APPENDIX: HIERARCHICAL S'fRUCTURE? FOR ARMQR TASKS . « o v v o ¢ 0 0 o A-1
' ' ' : ) " -~ " -

ki
LIST OF FIGURES. . ¥

LI }

* . ‘ ]
Figure 1. Hierarchical goal structure for a hypothetical procedure . . 4 .

- - {
. . . A , .
. 2. Hierarchical-goal structure for 01*171240 e e e e e 6 < .
A-l. Hiérarchical.goal structure for Load the M240 . . .'! . . . . A-27 ° )
c' " -’~ * .' ‘ -
. A-2. Hierarchidal goal structure for Immediate Action on the M240. A-3 4

[ V4

A-30 Hierarchié‘al goal structure ‘for DIsassemble thed M240 . . . . A~4

A=4, Hietérchif'.%l 'goal structure fqr' A'ssemble/Fum:tions ]
- * Che ck t he H24 0 - - - - - - - - - - - - - - - C’ - - - L] - - - - ' A-;
. . - ’.y

* ! ' ‘ , o |
" . . B . |
A-5. Hierarchical goal structure for -Operate the AN{VI@C—GA R
" = . '\ ; .
. t ' \
1 v
o . 4 , .
. . - + .9 .
C : . L g .
. Coo D




1 ~
A COGNITIVE ANALYSIS OF ARMOR PROCEDURAL TASK TRAINING .

et ' I&Taoqucnou . .

Ttaditional and Performance-Oriented Approaches . . :

Prior to the early Lg’bs, procedural training in the military followed
. the traditional academit model of instruction. 'That is, instruction consisted
mostly of formal lectures on general theoretical principles of equipment oper-
ation. Supporters of the traditional 2pproach maintained. that the theoretical
. background deepened the novice soldier's tnderstanding of the task and the
equipment. However, there were several serious problems with applying this
o approach {; the context of entry-level military training. In particular, the
! soldier did nat always understand the abstract theoretical concepts. 4Also,
trginers often failed to relate the thefry to aﬁ}topriate entry-level jobs or
2 Jasks. The lecture format itself was an impediment to learning in chdt it en-
- . couraged passive listening thther than the active practice required to attain
task skill. o <. / '

As a reaction to the deficiencies of the traditional approach, the.Army ™
developed and implemented a different method of instruction called “"performance-
¢ orignted" training (FM 21-6). This approach is based on a thorough job and
. + task analysis that identifies job tasks, conditions uader which the tasks are
performed, training requirements, and on-the-job standards of acceptable per-
formance. Instruction-is then designed to imPart only those task knowledges
- and skills necessary for the soldier's assigned job. Most impottast, the
’ performance~oriented format is devoted to short demonstrations and hands-on- J
‘practice, rather than lectures. To train a so!ﬁiet in a procedural task, the
performance-oriented instructor starts by demonstrating the steps involved in
the task. Most of the training time is then devoted to practice on the oper-
ational equipment. During this phase, the soldier repeatedly executes the task
until he or she meets task standards. Verbal explanations are mostly limited
td the mechanics of task performance (the "hows"), with littde or no fime
given to explain the meaningful task goals (the "why"). - According to the
performance—orient approach, then practice pgan be -characterized as a tote
process that does ﬂo;ﬁlnvolve conceptual task knowledge . g
* ¥
The. petfdrmance-oriented emphasis on practice .is congruent with the com~
* monly held assumption that learning requires repeated exposures to the task
< N to be learned. Ome.way in which researchers have analyzed the effect of repe-
tition is. to examine learner processes that occur during practice. A genetal
* finding is chat long~term retention is associated with semantic (i.e., concep-
‘tualvor meaningful) coding of the task to be learned (e.g., Bjork, 1975; Craik
& Lockhatt, 1972; Melton & Martin, 1972). 1In order to remember a task, learn-
. must absttaﬂt out and interrelate its meaningful aspects. The ryte qual-
e~ ity £ practice in-the petformance-orientea approach places the burden of
semantic task codimg on the learner. ,LGiven the varied aptitudes and back-
\, ‘'grounds of soldiers, we would, expect the effectiveness of learner coding to
range from.appropriate to inappropriate. To ensure sustainment of proceduraI
skills, ttﬂinets should provide a teasonable Etding ascheme’ rathex than rely on
. soldiers leatning strategies. ) o Tote g

- S ) . T-‘! . 10 . ‘ )
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Skill sdstainment is an increasiﬁgly important Arfiy training issue. One
of, the central problems "is that soldiers haye relatively few opportunities to

. practice their job skills. Civilian workers {e.g., assembly-line workers) re=

peat their job tasks over and over, tesulting in increases in task skill over
time. Inh contrast, soldiers--particularly those in the combat arms-—practice
their job skills only during infré&quently held field exercises or actual com-

"bat, Research has shown that procedural skill performance -rapidly declines

without intervening practice (e’g., Shields, Goldberg, & Dressel, 1979; Osborn,
Campbell, & Harris, 1979). Given the Army's limited resources to provide
regular-practice,. the effectiveness of initial training becomes that much more
critical. % Training developers mustldesign instructional strategies to prolong
skill sustainment)over periods of no practice. .

) {

To summarize, we have compared traditional and performance—oriented pro-
cedural ttaining and found problems with both approaches. ﬁ;he traditional
lecture method was too theoretical without enough emphasis on performance.
Performance-oriented tifaining,’in Ctontrast, was ‘conceiptually barren, to the
poséible detriment of task retention. A better approach lies between these
two extremes. * That is, procedural training should be bofh conﬁpptual and
performance oriented. | . : ’

*
A 4

A Cognitive Interpretation of Procéﬂural Learning
“ ' “ . .

Over the past' 30 years, significant progress has been made in defining
and identifying the cognitive structures and processes that underlie human
learhing and memory. In this section, we describe some of these theoretical
concepts that are specifically related to procedural skill acquisition and '
sustainment. R ' )

- -
-1 . \ s d ¥
s H

One of the maxims of cognitivetpsﬂchology is that human beings are limiteg

information processors. For.instance, . research indicates that, our immediate <

memory for sequence is Yimited to 4 £ } items (Johdson, 1970). Given this
constraint, how do people remember long procedures’ In a pioneering paper,
Miller (1956) suggested that we can overcomé the limitations of immediate mem~
ory by recoding items to be learned int® larger units, or "chunks." Each chunk
can be represented by a single code 4 théreby effectively reducing the memory
load. ‘Even larger chunks can be formed by combining first~order chunks into .
higher-otder units (Mandler, 1967). However, because of the limits of immedi-
ate memory, each chunk can consist of no more than fiive subordinate pnits, be 3
they single 'items or lower-order chunks., This hierafchical organization of
memory codes not only provides an economical scheme for storing items in mems

: ory,rbut also represents a “plan" for retrieving the information at recall

' (Hiller, ‘Galanter, & Pribram, 1960). *

1 -~

Often-cited evidence for the chunking process is the strong tendency oé
learneré to cluster categorically related {tems durrng free recall of verbal
liscs (e. 8., Bousfield, 1953}, The clusters reflect the learners' use of
semantic relations between items to organize their memory for the list, We
suggest that soldiers similarly organiZe their memory for armor procedures

4
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around the task goal and subgoals.l fhus, the rask goal structure corresponds
. to the.semantic relations in verbgl 1lists. The hierarchical goal structure
for a hypothetical procedure is shown in Figure 1, "At the top of the figure
is the overall task goal. Below that are two levels' of subgoal organization .
that are distinguished by the terms "strategies" and "ractics" (Miller et al.,
1960). Strategies refer to high-order nodes oriented roward general or‘ab~
7 stract subgoals, whereas ractics are low-order subgoals relared ro immediate o
and specific task objectives.®* At rhe lowest 1eye1 are che individual task .
element$ that gpmprise rthe procedure. :
j‘There is evidence that knowledge of task structure enhances both verbal
. (Bower, Clark, Lesgold, & Winzenz, 1969) and motor (Diewart & Stelmach, 1978)

-

retention, regumably awarengss of the task structure aids the learner in
organizing agd, coding input’ in a reasonaple and efficient manner., Thus, the LN
hierarchical structure of rask goals not only provides a2’ godel of procedural -,

memory organization, but also provides a potential aid for, promoting.skill
sustainment. However, this generalization is based on regtarch using artifi-
cial laboratory tagks .with experimenter-imposed strueture. Je structure of

a real-world prdcedure, in contrast, is intrinsic to rhe logical and mechanical .
constraints of the task. The next section presents a method for deriving the .
goal srructures of ‘actual procedures 'using-armor tasks as examples.

L . .

- . - 4

, : " ANALYSES 4

Tasks . -
s " vor
, Procedural tasks were defined as those accomplished by a seties ofmiteps

usually petformed in_a £ixed sequence, (f present interest were tasks that
soldiers rypically perfgrm from memory, i.e., without berefit of job aids.

'p Using these crireria, “two subject areas were chosen from the Armor One Station
Unit Training (OSUT) Program of Instruction: the M240 coaxial machidegun and +

» the AN/VRd tagrical FM radio. Specific rask descriptions follow. AE e

t.
[

L a. Clear the M240. The object of clearing is ro unload che weapon and
place the bolt ‘In its forward (safe) position. 'i '

hd .
i

b, Lgad the M240. The purpose is ro insert ammﬁnitidh into the weapon | .
,In order ro fire ir. ' -t . L R
c. ,Immediate Action‘on the M240. Immediate action is the loader's re-
i sponse ta announcements of sfoppage in firiag Caused by some weapon fmalfunctiont. |,
¥ . d. Disassemble the M240. Tha object ‘f“g‘his .0 is to, field‘ strip the
) weapon for periodic maintenance* # .
1The goal orientation of our p:oposﬁd model ‘of procedural 1earnin3 has much in , { .

common With lewell and Sikon’s. (1972) apprpach to problem solving. Endeed
R . Voss (1979) and others have recognized that learnihg “and memgory tasks require

problem-solvins skills. Still others {e.g., Abelson, 1981) have argued that s
» goal hierarchies are /#undamental knowledge structuges applicable to a variety
« of coghircive processes. . . . '
. . -' , . " » ) . ’ ’ * - . . -j
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e. Assemble/Functions Check the M240.
bles the fieldﬂs{ripped weapon, then checks t
termine 1if it is properly assembled.

f. Operate the AN/VRC-B&. The goal of
intercom and radio-transmitter for operation.

-

+ “ E

.For this task the soldier reassem-
he operation of.the weapon to de—

.

this task Is to ready the tank

Procedure

vt

s

The first step in the analytic process was to identify the task elements
of each procedure. Task elements were defined as the temporaily:discrete and’
reliably observable behaviors required for the proper execution of procedures.
The primary sources of task information were technical manuals for the AN/VRC-
64 (TM 11-5820-498-12) and the M240 {TM 9-1005-313-10). Additioqal task in-
formation was obtained from the Soldier's Manual for ?g?jgmo; Crewman (FM 17-

A .

19E1/2) and vbservations of soldiers in Armor QSUT.

Consistent with our model of procedural rning and memory, three rules
were followed for deriving the task structure: (a) The organization must be
strictly hierarchical with no overlapping relations or cross-classifications,
(b} each hierarchical node and its subordinate branches must relate to some
meaningful objective, {c)’ each node can consist of no more than five branches.
' ¢ Va S

The general® format or the task hierarchies pas a ‘four-level structure as
illustrated in Figure Constructidie of hierarchies was accomplished by a
combination of "top owa" and "bottozg%ﬁ@mahalyses. From the top, the overall
task goal was segmented into intermedtate strateglc subgoals. From the bottom,
task elements were grouped into meaningful tactical subgoals. The strategic
and tactical subgoals were thert related to one another, the result usually re-
quiring modifications to the initial top-down and bottom—up analyses. _Also,
because of the limitations to the number of branches per node, some lsﬁger
tasks required an additional level of tacticgl subgoals. Every hierarchical
node was labeled with a verb or verb phrase descriptive. of the subgoal
functions. ’

'The dertivation of the hierarchical structure for Clear the M240 (Figure 2)
is described in detail below to illustrate .the analytic process. The
archical structures of the remaining tasks are presented. in‘;he "Appendix.

Analysis®f Clear the M240

Analysis showed that the overall goal of Clear the M240 was to put the
weapon into a state that prevents accidental discharge. The overall goal was
simply represented by the term '"CLEAR" in Figure 2. The overall task goal was
then parsed intd two strategic suhgoals "Unload" and "Return.”™ The object
of ,the Unload subgoal was to remove all odrces of ammunition from the weapon.
The purpose of the Return Subgoal was to restore the weapon to a safe state
after unloading.

-~ 4 - 4

. .. From tpe bottom of the figure, pairs of elements were joined bgcause of a
-few mechanical constraints of the M240.

One of the constraints was that the
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. safecy musr be in FtRE in order to move the bolr forward pr backward. Thua
Foa <he @dements "check if in FIRE" - “pull bolt ro rear” were joined as the

T A cha);ge tactical subgoal and "place in-SAFE" - Vpull trigger" became the
Y "release bolt"‘subgeal. Similarly, "open cover" was connected to "remove ammo
o abelr”, becaus¢ ‘the ammo belt was .located under the cower. The next two ele-
ments, "raise feed tray' - "remove chambered rounds,“' ere joined because the
" . firing chamber was accessed by lifring the feed tray: . '
e A aWhiIe attgépting to connect tactical and strategic subgoals, it became
Co cle®r that the four elements from "place weapon in SAFE" ro "remove chambered
.. rousds™ were all directly related to removing ammunition. However, the act
m ,of eharging the weapon was indirectly related to removing ammunition by vir-
. tue of &he fact rhat it was necessary to put the bolt in the rear position to
' get at the-firing chamber. Thus, another racrical subgoal ("remove ammo"")
' was formed’ separately from the charge subgoal. Both were related tO -the .
superord‘nate Unloadlsubgoal. For the Second subgoal, the element "close
cover" agd tha subgoal "rele&dse bolt" were both connected to Return because
/ th'ey both related ro testorifng the weapon ro irs ipitial state.

. . "DISCUSSION
Y S P
~* The hiérarchies obtained through analysis appear to be valid representa~
tions of task goal grrﬁccures. More important than their face validity, how-.
ever, is their relevance to training practices and their heuristic value to
furcher Fsear.’ch. Some. possible applications of the structures are discussed

below.’ - L \\‘&Pf

Training Inglgcacions N

4, These analyses idenrified useful task information that might help the
soldier learn and remember z procedure:; Evden though rhese knowledges are
conceptual in natdre, we are not advocating 2 return to the traditional pas-
sive 1ectune dpproach to convey them. Active practice mist be a central fea-
ture of any procedural training approach. What we are suggesting is that
instrucrion be designed to encourage appropriate memory organization within
a performance context. , ‘. “

One possible approach can be cermed a "part-trask" training stracegy.
According to this :echnique. instructors demonstrate the procedures of the
stratégic subgoals separately, providing a short explanation 6f each subgoal
objective. Soldiers then practice each subprocellure separately before attempt-
ing'thé procedute ag a whole, Part-task training should assure that soldiexs
'organize procedural eléments into appropriate subgoal unitd.. Also, «the infor-
mation about subgoal objectiVes should help the goldiers.interrelate the vari-
_ous task goals,

; Artother apgroach, which could be uged in cenjunction with the part-task
strategy, is ta train soldiers to assoclate subgoal names with the appropriate
subprosedures, Then. the names can serve as mnemonic aids for recalling the
procedural elements. .For instance, the 20 elements of the Immediate Action
task would be cued by the names for the five strategic subgoals: Fire, Clear, - -

- -
"
. i . v .

* -




r Tt . ,
Hand Cycle, Reload, and Flre Similar mnemonic techniqﬁps have already been
incorporated into Arpor tfalning. For example, cavalry scouts are taught the
acronym SALUTE for remgpberlng thé, informat ion that should be given in a spot .
report: Size; Activity, Location, Unic, Time, and Equipment.' However, there ’ )
1s an important difference in the two” approache$ to mnemonics: The jmmed iate
action cues are related to task goal structure, whereas thqubot report acronym “
! is essentially‘irrelevant to task content. Shea (1977) demonstrated that task- .
relevant verbal, labels were moré effective mnemonic aids than®irrelevant labels.
Thus,. we expect the subgoal names to be more effective mnemonie -41ids than task- .
irrelevant agronyms, - , .

1 ~ . ] -~
. Research Extensions ’ : L
1 . - - .
According to the preSent méthods of analysis, the analyst derlves task
structure using his or her own knowledge of task goals and a few rules’ of cog-
. nitive processing. _ Resnick (1976) argues”that such rational task analyses ¢an * ,
provide good prEliminary representations of task requirements. Nevertheless,
there were some problems with the rational approach presented here, The cog-
" nitive rules were so general that thé analysis depe?ﬁed largely on the analyst's
Subjective iInterpretation of task goals. Moreover,feven with more objective
y techniques, .the task structurf derived by an analysis is not necessarily the ¢
same as the structire actually used by the soldier to remember the procedure.
In order to find out how learners accomplish tasks, Resnick suggested that em-*
birical analyses- of performance be used to follow up rational analyses. .

A potential .empirical technique for determining task structure has been
- . outlined by Friendly (1979). His method, called proximity analysis, is based e
- on the assumption tpat items that :Ee}kgouped together in memory tend to be
clustered together at recall. Thus, the pattern of response proximities re-
veals the organization of memory. The analysis is a two-step process that .
starts with obtaining estimates of temporal or ordinal proximity om an item-
by-item basis.. The proximities are then subjected to a Qumerical cluster
- analysis to determine the hierarchical structure. The product of the analysis
. is a graphical representation of memory structure. Although proximity analysis
2 has"been applied to free recall of verbal 1ists, thexe ig no reason why it can-
not bé applied to verbal recall of a procedure. Results from such an objective
. empirical analysis may lead to modifications of our initial conceptions of task
. - " gtructure to qdre closely match the organization actually uysed by kthe performer. .

- r - ~
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HTERARCHICAL STRUCTURES FOR ARMOR TASKS
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;LEHEHTS C:'l‘:a:o;f pul 1/1ock ‘P}ace opén rafse ‘remove 1:mer * ' place
in F1ge . bolt to weéapon cover,.  feed chanbered feed ammo belt
. . rear in SAFE tray rounds tray. on tray
Figure A-l. Hierarchical goal structure for Load the M240. 2.1 oo~
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